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Dz2zr Dr. Seamans:

This will be = hurried non-edited and limited note to pass on a few
remarks about rendezvous and large launch vehicles.

Tirgt, let me cozmant cn the steff paper on rendezvous'that was

recently cozpleted by Mr. Bernzrd lMaggin. Bernie has done a fine job

ere end is to be commended. I share and back the viewpoints expressed
elzost cﬁipletely- The main item not Govered is the outlining of a
specific and firm program on rendezvous, but this of course could not
be covered witkhout agreement throughout NASA. We have some definite
jdeas on what the program should be, =nd these will be forwarded as soon
as some reproduction problems of the material are overcome.

With respect to lzunch vehicles, let me forthrightedly state that
the situstion is deplorable:

a. To be structurzlly sound the Szturn should undergo mejor
structural modifications.

b. Tre S-IV is having serious setbacks which make it very
doubtful that suy time schedule involving S-IV can be met, and
furtner there is no back-up to this S5-IV stage in case it fails
ccopletely. :

c. HE’ O2 engines are not progressing nor develbping as
was s0 gloriously promlsed. )

d. The F-1 engine is far from being developed.
e. Thers is no comnitted booster plan beybnd Saturn C-1.
£. And even the existing but payload-liﬁi%éd leunch vehicles,

such as Atlas and Titan, which have had yeers of development asnd
on which trememdous funds have been spent, are op§rationally poor.
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In brief, our booster position is pathetic,*but what is even worse,
we have no jobs going on or even direct plans to remedy the situation.
Wnat should be dona? It would appear that any consideration should

include the following: e g

1. Give serious deliberstion as to whethertéliV should have
a back-up {vwhether propellant is RP, storsble, or solid).

2. Firm up realistic and practical boosters that g0 beyond
Saturn €C-1 cepebilities.

3. Establish parallel large booster programs involving solid
rockets. The potentialities of large solids have been overlooked
too long, and it may very well be that they can do Saturn jobs and
beyond in a relatively easy manner. )

in connection witk these three items, let me also make this observa-
+tion which I'm sure would sound naive to many. It would come as no
surprise to me that we would now have a pretty good large booster if we
n2d concertirated effort on the development of a very simple end relieble
sc2ll booster, and that all we had to do to obtain various larger
hoosters was to "snap” these smaller boosters together in various arrange-
mants, with no interconnections save mecessary structural coupling members.

- = -~ .

Now, let me revert back to rendezvous. I do not wish to argue which
wey, the "direct way" or the "rendezvous way”, is the best. But because
of the lag in lsunch vehicle developmenis, it would appear that the only
wey that will be available to us in the next few years is the rendezvous
vaey. For this very reason I feel it mendatory that rendezvous be as much
in future plans as any item, and that it be atiacked vigorously. I would
"T1like, howesver, to make a few comments in connection with large booster

desirebility. For example, the argument is presented too freely and per-
heps erronecusly that the cost per pound in orbit is less through use of
one tig booster than by other mesns. Not enough etiention is given to
relizbility and to probebility of mission success. I the costs based on
equsl probzbility of mission success are compared, it may very well be
that the cost per pound is larger by the big boosier scheme. Charts of
the type shown in the asttached figure chould be kept in mind. In this
figure the probebility of a mission success is plotted egainst nucber of
picsion attempts, for different probabilities of success for en individual
atterrt. Suppose that the probability of success of a big booster attempt
iz ¢.4, znd this low value mey nct be unrealistic (consider the Satuwrm S-I
engines: I understand the probability of each erngine functiloning is 0.96;
thus, the prcbability of all 8 engines operating is 0.72. This value perteil
to engine only; the other componerts may add another factor of 0.72 bring-
irz the probability down eround 0.5. HNow suppose, in addition, 6-8-10
or more engines had to be ignited aloft. Surely, if it is difficult to

get 8 engines going on the ground, it is even more difficult while in flight
) i s

L
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Thrus the 0.5 may even be cut in half, giving a fairly low overasll proba-
bility.) After this long side corment, let's get back to the 0.4 value.
If 2 attenpts abt this individual probability level are involved, then

ithe stteched figure shows a 0.64 probability for mission success. In
contrast, now suppose anotler but slightly more costly mission scheme were
used vhichk had an individual probability of O.64. Then only one attempt
is necessary to accomplish the mission with the same probability of over-
all success es compzred with two sttempts for the previous case. The net
cost is thus smaller for the more costly schene.

Additional factors which enter into big booster consideratlions
jnclude (1) ere fecilities available to construct them? {2) can they
bs moved about and transported? and (3) are launch sites prectical and
vhere will they be locatad? Although not specifically stated, one of the
idezs I'm trying to bring out is that perhsps there is too much planning
of projects that simply assume the existence of the type of booster
r.eeded, without asking honestly whether it reelly will be there, and et
the rigat time.

T'11 close neow. Perhezos thess thoughis mey be of some use to you.

Sincerely yours,

John C. Boubolt
Associgte Chiefl
Dynzmie Lozds Division
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¥Mr. John C. Houbolt
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Langley Field, Virginia

Dear John:

Thank you for your comments in your lettex of May 19,
1961. As you probably know, the problems that concern you
are of concern to the whole agency and we have some intensive
study programs under way at the present time that will provide
us a base for decisions.

You also probably know by this time that the recent
Presidential recommendations for increases in the space
program budget included funding for the Air Force to
accelerate a large solid motor development program and an
increase in the NASA budget to accelerate the rendezvous
docking program.

Sincerely,

TR\,

Robert €. Seamans, Jr.
Associate Administrator
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2z Ir. Seam=ans:

Sczawhat as 2 volce in the wilderness, I would like to pass on a
fewr thoughts on matiers that have been of deep concern Lo me over recent
“menths. <This' concern may be phrased. im terms of two questions: {1) 1r
vou wéra”told that we can put men on~t¥e moon with safe return with a
sinzle €-3, its equivalent or something less, would you Jjudge this state-
mznt with the eritieal skepticism that others have? {2} Is the establish-
ment of a sound booster program really so difficult?

I would like to comment on both these cguestions, and more, would -
like to forward as attazchments condensed versicns of plans which embody
idszs and suggestions which I believe are so fundamentally sound end
irsortant that we cannot zfford to overlock them. You will reecall I
wrote to you on 2 previous occasicz. I fully reslize that contacting
you in this marner is somewhat unortnodox; “but the issues at stake ere
cruecizl encugh to us all that an urusual course is warranted.

Since we have had only occasional and limited cortact, and bacause
you therafors probably do not know me very well, it is conceivable that
after reading this you may feel that you are dealing with a crapk. Do
not be afraid of this. The thoughts expressed here may not be stated
in as diplometic a Tashion as they might be, or as 1 would normally try
to 4o, Ttut this 1s by choice and at the moment is not important. The
important point is that you hear the ideas directly, not after they have
filtered through a score or more of other psople, with the attendant risk
that they may not even reach you-
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Manned Iunsr Lending Through Use of Lunar”Orbit Rendezvous

The plan-.- The first attachment outlines in brief the plan by which
we ray accomplish a manned luner landing through use of & lurar rendez-
vous, snd shcws e number of schemes for doing this by means of & single
C-3, its equivalent, or even scmething less. The basic ideas of the
plzn were presented before various WASA people well over & year 3ago, and
yvere since repeated at numerous interlaboratory neetings. A lunar lending
*progrem utilizing rendezvous conceple wWas evan suggested beck in April.
Tssentially, it had three basic points: (1) the establishment of an
ezrly rendezvous program involving Mercury, (2) the specific inclusion of
randezvous in Apollo developments, and (3) the accomplishment of lupar
lznding through use of C-2's. It was indicated then thattwo £-2's could
do the job, C-2 being referred to simply because NASA booster plans éid
rot go beyond the C-2 at that time; it was menticned, however, that with
a C-3 the nuzber of boosters regquired would be cut in half, specifically
only one.

Regreitably, there was little interest showh in the idea - icdeed, if
eny, it was negative.

élag (for the record), the schegé:was presented bafore the ILundin
Committee. Tt received only bare menticn in the final report and was
rct discussed further {ses comments below in section entitled "Grandiose
Plans").

Tt was presenced before the Heaton Cormitlee, accepted as & good idea,
+hen dropped, mainly on the irrelevant basis that it did not conform toc-
the ground rules. I even ergued egainst presenting the main plan consid-
erad by the Heaton Cormittee, largely because it would conly Ddring harm to
the rendezvous csuse, and furiker argued that if the committee did not
want to consider lunar rendazvous, zt least they should make a strong
recommendation that it locks promising enough that it deserves a separate
treetment by itself - but to no aveil. 1In fact, it was mentioned that if
I 21t sufficiently strong about the matier, I should make a minority re-
port. This is esseatielly what I am doing.

We have given the plen to the presently meeting Golovin Committee
on severzl cccasions. s

In a rehezrsal of a tzlk on rendeszvous for the recent Apollo Con-
fersnce, I gave az brief reference to the plan, indicating the benefit
dzrivable therefrom, knowing full well that the reviewing committee
would sk me to withdraw any reference to this idea. As expected, this
was the only item I was asked to delete. )
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Tve plan has been presented to the Space Task Group persomnnel ssveral
times, dating back to more than & yzar ago. The interest expressed has
been cempletely negative. o

Groung rules.- The greatest objection that has been raised about our
lunar rendezvous plan is that it does not conform to the "ground rules”.

This to we is romsense; the imperiant question is, "Do we want to get to

the moon or net?”, eund, if so, why do we have to restrict our thinking

£1ong & Leriein narrow chear ncl. I fe22l very fortunete that I do net have

1o confine my thinking to 2rbitrarily set up ground rules which only serve

to constrazin and preclude possible equally good or perheps better approaches.

Too cften thinking goes along the following vein: ‘gound rules are set up,

and then the guestion is tecitly asked, "Row, with these ground rules what

k2, or whzt is necessary .o do the job?". A design begins and

iz rezlized that z boosier system way beyond present plans is

sary. Then a scare facior is thrown in; the proponents of the plan

ecosz z2frazid of the growih problem or that perhaps they haven't

o wzll, znd so they make the system even larger as an 1n5urhnce"

titer vhat koorens ths hooster will be large enocugh to meet the
Sczmzhow, the fzot is completely ignored that they are now

a ponderous development that goes far beyond the state-of-

Wny 1s thnsre not more thinking 2long the following lines: Thus,
with this given booster, or thls one, is there anything we can do to
do the j¢h? In cther wo“ s, Wiy can't we also think slong the lines of
zriving a plan to fit a booster, rether than derive a booster to Tit
g plan? :

- Three ground rules in pzriticular ers worthy of mention: three men,
direct landinzg, and storsbls return. These zre very resirictive requirs-
mernts. If wwo msn can do the Jjoo, exnd iff the use of oanly two men allicws

the job Lo ba done, then why not ¢o it this way? If relaxing the direct
reguirements allows the job to be done with z C-3, then why rnot relax it?

Further, wnen a hard objective look is taken st the use of storables,
tnen it is soon rezlized thet perhaps they aren't so desirable or advan-

tzzeous afier 211 in comparison with some other fuels.

Crzmdéiose plsns, one-sidsd objections, a2nd bias.- For scne inexplice-
snle resszon, everyone seems to went 1o avoid simple scheres. The major-
ity zlwveys seems o be thinking in terms of greadiose plans, giving =11
sort of armumarnts for long-range plans, etc. Why is there not more
thinking in the Qirection of developing the simplest schems possible?
Figuretively, why not goDRy z Chevrolet instead of a2 Cadillac? Surely
a2 Chevrolzt geic cne from one place to ancther just as well as a Cadillac,
and in mazny reszects with merked advantages.
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T have bhesn appalled at the thinking of individuals snd commitiees
on ihase matters. For exsmple, coments of the followlng type have been
reds: “Houbolt hes a scheme that has a 50 percent chance of getting a
man to the moon, and a 1 percent chance of getting him back.” This com-
ment was mede by & Headquarters individual at 'high level who mever
really nas token the time to hear about the scheme, never has had the
sehema expleired to bhim fully, or possible even correctly, and yet he
feels free Lo pass Judgment on the work. 1T am wothered by stuplidity of
this type dbeing diszlayed by in@ividuals who sre Iz a position to meke
Gacisions which affect not only the NASA, but the fate of the nation as
well. I have even growm to be concerned about the merits of 2ll the com-
mittees that have been considering the problem. IDecsuse of bias, the
intent of the committee is destroyed aven before it starts end, further,
the cutcome is usually cbvious from the beginning. We knew what the
Tleming Committee results would be before it started. After ome day
it was clezr whst decisions the Iumdin Compittee would reach. After a
couple days it wes obvious what the meain decision of the Featon Compittee
would be. TIn commection with the Lundin Committee, I would like to cite
a specific exsmple. (onsidered by this commitiee was One of the most
heir-preined idsas I have ever heard, and yet it received one first place
vote. In eontrast, our luner rendezvous scheme, vhich I em positive is &
mieh more workedble ides, received only bare mention in & negative veiln,
as was ferfioned esrlier. Thus, committess are no better than the bias
of the men composing them. Ye might then ask, why are pen wao ere uot
cerpatent to judge ideas, allowed to judge tham?

Perhaps the substance of this seciion might be supmarized this way.
Wy is NOVA, with its pondsrous ideas, whether in size, menufacturing,
ereciion, site locetion, eic., sizply just accepted, end why is e much
less grandicse scheme involving rendezvous ostracized or put on the
defensive?

TIRT chart folly.- ¥hen ong examines ine various prograa schedules
that Bave besn savanced, he cannot help fron being lxpressed by the
opvinism shown. The remarkable aspect is that the mors remote the yesr,
the boldsr the schedule becomes. This ig, in lerge meesure, éue to the
PEAT ohsrt craze. It has become the vogue to subject practically everyw
thing to 2 PZRT chert enalysis, vhether it neuns enything or not. Those

who apply or make use 0f It saen 1O be overcone by & forx cf seli-hypnosis,

more or less scoessing ths poind of view, "Lzczuse the PERT chert seys 80,

5% 4s g0 " Scomenow, perhaps unflortunsiely, the yeer 1967 was mentioned
&s the target year Tor putting & men On iE LOOn- The Pleming report
through extensive PIRT chart anzlysis then "oroved" this could be done.
One gemnot help bub gt the feeling thet if the year 1966 had been
mentioned, then this would have been the date proven; ilikewise, if 1968
had been the year mentioned. h :

L
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My guerrel is not with the basic theory of PFRT chart analysis; I
em fully sware of its usefulness, vhen properly zpplied. T have been
neminelly in charce of e Facility dsvelopment gnd know the merits,
+ility, and succinctness by whick it is helpful in keeping =& geing jeb
moving, uncovering bottlenecks, and so forth. But when it 1s used in
+re nature of a crystal ball, then I begin to object. Thus, when we
serutinize various schedules and programs, we have to be very careful
+0 esk how realistic the plan really is. _J{en sicple ccmmon sense
tells us much more than ell the mackines in the world.

j

I mzke the ebove poirnts because, &5 you will see, we have a ver
2 3

streng point to make sbout the possibility of coming up with & realistic
sckadule; the plan we offer is exceptionally clezn end sixple in vehicle

ené booster reguirements relative to other plans.

Tocszter is pacing item.- In working ocut a parer schedule we have
edopted tme C-5 dsvelopment schedule used by Fleming and Heaton, not
racessarily because we fzel the schedule is rezlistic, but simply to
—zke a comparison on & parallel basis. But whetkher the date is right,
cr nov, Goesn't matier. ERsare, I just went fo polnt out that for the
1imer rendezvous scheme the C-3 booster is the pacing item. Thus, we
czw phrase our lunar laznding date this vway. We can pul a man on the
~oon os #oon as the (-3 ie develeped; <=nd the nurber oF ¢=3's reguired
is very smell. (In fact, as I mentioned earlier, I would not be sur-
prised tc have the plan criticized on the basls that it is not grandiose

. Y
enougzh. j

Atort .- An iter wnich verkaps deserves specizl mention is abort.
Peovle nave ileveled criticism, a2gein errcneously znd with no knowledge
of the situation, thet tre Iunar rendezvous scheme offers no abort
pcssibilities. Along with cur many tecrmicsl studies we have also
ctudied the abowrt problerm cuite thoroughly. We find thet there is no
oroblem in execuiing an gbory meneuver et eny polnt in the nissicn.

In fact, a very striking result comes cul, just the reverse of the
impressicn many Teople try to create. When one COIpares, Tor exsxple,
the iunar rendszvous scheme with a dirvsel epproach, he finds that on
every count the lunar rendezvous methold offers a degree of safely and
relisbility far greater than that possible by tke direct approach.
These items are touched upon to 2 limited extent in the esttached plan.

Booster rregram

-
My cczments on a booster program will be r
the seccond attackmerni more or less speaks Tor 1

a few peoints worthy of erbellishment.

elatively short, sinece
tself. There are, however,



Tzoster design.- In the course of participating in meetings dealing
sith Venicie design, I heve sometimes had to sit back completely awed
~and astonished at what I was seeing take place. I have seen the course
of en entire meeting chenge because of an individual not connected with

the meeting walking in, looking over shoulders, shaking his head in &
rztive sense, and then wslking out without uttering a word. I have
sople agree on velocity ireresments, engine performance, end
urel dste, =nd after & booster design was made to these Tigures,
en some of the people then cderate the vehicle simply because they
t Believe the mumbers. I Just connot cster to proceedings of this
The situzstion is very much akin to e civil engineer who lmows full
+ the material he is using will withstand 60,000 psi. Ee then
s fzotor of sefety of 2.5, makes & design, then after looking at
ults, erbitrarily doubles the size of every member because he
uite sure that the design is strong enocugh. A case in point is
In my initisl contacts with this vehicle, we were assured that
vlioz@ capebility in the neighberhood of 110,000-120,000 l1bs.
@erated. The value used by the Heaton Cormiittee was
. By the time the vehicle had reacked the Golovin Committee,
d to find that it ked 2 cepsbility of onily 82,570 lbs. FPer-
1
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nass the only corment that cezm be made to this 1s that if ve can't de
ey betrer on meking elementary compubetions of this type, then we
Zoserve o be inm the pethetic situstith we are. T also wonder where
we will stand =fter KOVA is derated similarly.

"ouzntizinzg” bad.- One of the reascns our booster situatlon is in
sucn = c8d steve is the lack of appropriste erxgines, more specifically
the lzck cf an orderly siepping in engine sizes. Booster progress is

-

virtuelly at 2 standstill because there are no engines availeble, Jjust

25 engines were the mejor pacing item in the daevelopment of sireraft.
Lside from the engines on our smaller boosters, and the E-1 being used
cm the C-1, the cnly enzines we have in development are:
Cepebility Ratio
15,000
1303
200,000
7.5

1,500,000

~re zitempt to make boosters out of this stock of englnes, having very
2erce ratics in capability, cen oaly result in boosters of grotesque and
uriieldy confisurations, and vhich require many, meny in-Tlight engine
starts. Vnat is needed are engines which step up in size at a lower
retio.  Consideraticn of the staging of en "ideal" rocket system indicates
+hat whether zccelerating to orbit srced or to escape speed, the ratio of.
erncine sizec needed is in the order of 3. Logleally then we ought to
nive engines that step in capebility by a factor of around 2, 3, or L,

in every-day aneslog thet can be mentioned is outboerd motors. 7Toere

is = motor To serve nearly every need, and in the extreme cases the
rrocess of doubling up ‘is even used.



Zooster wrosram.- In light of the preceding paregraph, and taXin:

into rceount the engines under dsvelopment, we shculd add the rolloving

twol S
80,000 - 100,000 HE, -0
k50,000 - 500,000 5 -0,

Trnis would then give = linz-up as follows:

15,000 E/0
80,000 - 100,000 5/0
200,000 E/C
400,000 - 500,000 /0
1,500,000 R2/0

with whe 15,000-1b. eazine reslly nct needed. Tris array {(plus thoss
wentioned Irmkdistely balow) would allgw the constructicn 01 alnost all
ers ccreeivehble. Tor exmuple, e sipgle 82,000-100,000

Lynee ol oost
enzice would tzke the place of the six L-115 enginze being used on 3-IV;
: h

errzngerent of six enzines on this vehiele baé, but
Lve vary'poor sterting crarﬂcverlstic Tae %00, 000~
: e uwEed 1o rirlnoes the fowy J-2's oo The 5-IL. Biag,
C-3 would cherge from a messy lZ2-enzired vehicle reguiring 10 in-flignt
ercire stzris to s felirly sizple S5-sngine vehicle with ornly 3 in~flight

-

T z233itsion, the followirz enzines skould be irncluded 1
3 — =N
o
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1,680,000 - 1,500,000 1b. Soiid
5,000,000 Solid
and/or 5,000,000 Storsble
Tne 1,000,000 - 1,500,000 1b. sclid wouwld in itself be s good buildirg
riocek and woulé orobasly work in nicely to extend the cgprhilities of
vericles, such es Titan. The 5,000,000 solid ard/or sterable would slso

c
be good tuilling blocks end specifically would serve as alternate Iirst-
& becosters for C-3, eiming &t simplicily and rell&blllﬁ}-
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It m2y bs s2id that there is nothing new here and thot all of the
chove is obvious. Indeed, it seams so obvious that one wonders why sudh
progren was not siarted 5 years ago. But the fact that it may be
ohvions dossp't help us; What is necessary is putiing the obvicus into
sffect. In this comnection, there may be same who ask,. Bub are the
plans opiimum znd the best?”. This question is reslly not pertinent.
Thore will never e 2n Optimized booster or program. ¥We might have 8o
om-tirum booster for a given situation, but there is none that is Cplimun
sew 1] situations. To seek one, would just ceuze deliberation (o string
sut inmdefingtely with 13ttle, if any, rrogress belng weds. The Lyma-

Scsr case is a pood exasmple of this.

0

iticiem thet undoubtedly will be leveled at the above suggsstions
+ I'm not being realistic in thet there is just not engugh monmey

o 1 these things. If this is the situatiom, then the answer
s why we have Webb and his staeff. Thet's why he was

&8
e

ot
4]

i
H
O

Rt

1o
t

is simply that
cnpsen to hesd the orgenisaziion, this is one of his wmejor frnenions,
o 23k tne guesticn, do wa want to do 2 job or not?, and, if so, then
o ©ind out where the gazps or holees areg, and then to go asboub doing what
resessary o Fill the geps to mzke surs the job geis gorg ,  Furiher,

tosd dossn't have S0 be carried by the HASA alone. The Air Fores 2nd
een qgork together and shere the lead, and I'm sure that if this is
tne peeassary money can be found. Even if scme project, say, for

le, the 5,000,000-1b. storable engine has to be aropped Tor some
senn gfrer it gets sterbed; no bharm will be done. This hapoens every

- the eontrsry, scme good, some new knovledge, will heve heen

wmeoversd, even if it turns out Lo be the discovery oOf tne next obstocle
vhich prevents such 2 booster from being bullt. )
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Yuclesr booster and booster size.- Although not 'mentioned in ihe
previcus ssesicn, Work on nuclesr englnes sheould, of course, continue.
4ny progress mele here will Iintegrate very nicely into the booster plans
indiezied in

+he stiachoernt .

s £

As regeris booster size, the Tollowing comment is offered. Excluding
For the moment NOVA type vehicles, we should sirive for boosters which
—cke use of ine engines wentioned in the preceding section and which
are the biggest thet can be made and yei still be commensuraie with
existing tesi-stand sites and with the use of launch sites that are
cemonsed of an array of assambly bulldings and mulliple leunch pads.
Tre ifez Lehind launch sites of this type is ern excellent one. It keeps
yosl sstate comends to & minimam, allows for eese in vehlcle assexbly
and check-out, and grestly eases the launch rate prodlem. Thus, C-3 or
c-b. sfould be designed accordingly. We would them have @ nice work-aorse
tyrps venicle having relative ease of hendling, acd which would perrit =
lmmer landing sission, es indicated earlisr in the lunar rendezvous
write-up section. From my point of view, I would much rather gonfine
my spending t0 a single versatile launch site of the type mentioned, save
money in rezl estdte acquisition and launch site developmenl ngesssary for
the huge vehicles, and put the money saved intc an engine development

Progran.

BoLs



-9 -

Concluding Pemarks

T+ ic one thing to grips, anoiher to offer constructive criticism.
Tnus, in making & few final rex erks I would like to offer what I feel
would be a sound integrated oversll program. I think we should:

1. G2t a2 panned rendezvous experimens g01ng vith the
terk I Mercury.

2, TFirm up the engine progrex suggest ed in this letter
an tta:ﬁﬂenu, converting the tooster to these engines as
scon as possible.

3. Establish the concept of using a C-3 and luner rendez-
t5 zeccmplish the manned lunar landing as & firm prcgrail.-

Keturaliy, in discussing mztTers of the type touched upon hereln,
cre cornoT make corments witheuwt nz ing therm smack somswhnat against

WOVA. I want to &ssure you, however, I'm not trying to szy KOVA skeuld
-+ be built. I'r sizmply trying WG €S ctablish Lthet our screms CoServes
& parzllel fromt-line position. te 2 patier of Fzct, bzcause the lunar
rendszycus é;p oach is easier, qulcker, less costly, reguires less
Gavaloffent, less new sites end cafilities, it would eppeer EOTE
=poropriate to say that this is the wey to go, end that we will use
~~vi zs a follow cn. Give us the go-shead, end 2 C-3, and we will put
or. tte woon in very sncri corder - end we don't reed sny Eouston
pire Lo dc it.

sg—arns, let me zay that should you Geaire to dis-
cuss tre points coversd in this lettes ir rore detail, I would welcome
“he ozportunity To coZE Up to Feazdguarters to discuss them with you.

r

-

Respectfully yours,
Jchn €. Eoubolt
CZ.fom

Ercls.



CONGLUDING REMARKS BY DR. WERNHER VON BRAUN
ABOUT MODE SELECTION FOR THE { UNAR LANDING PROGRAM
GIVEN TO DR. JOSEPH F. SHEA, DEPUTY DIRECTOR (SYSTEMS)

OFFICE OF MANNED SPACE FLIGHT
JUNE 7, 1962

) In the previOus_ six hours we presented to you the results of some
of the many studies we at Marshall have prepared in connection with
the Manned Lunar Landing Project. The purpose of all thewe studies
was to identify potential technical problem areas, and to make sound
and realistic scheduling estimates. All studies we re aimed at assisting
you ia your final recommendation with respect to the mode to be chosen

for the Manned Lunar Landing Project.

Our genéral conclusion is that all four modes inv:estigated are
technically feasible and could be implemented with enough time and
money. We have, however, arrived at a definite list of preferences

in the following order:

1. Lunar Orbit Rendezvous Mode - with the strong
recommendation {to make up for the limited
growth potential of this mode) to initiate, simul-
taneously, the development of an unmanned, fully
automatic, one-way C-5 logistics vehicle.

2. Earth Orbit Rendezvous Mode {Tanking Mode}.

3. -5 Direct Mode with minimum size Command
Module and High Energy Return.

4. Nova or C-8 Mode.

I shall give you the reasons behind this conclusion in just one minute.

But first I would like to reiterate once more that it is absolutely
mandatory that we arxrive at a definite mode decision within the next fcw
weeks, preferably by the first of July, 1962. We are already losing time
in our over-all program as a result of a lacking mode decision.

CLASSIFICATION CF jcg 7 R
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A typical example is the S_IVH contract. If the S-IVB stage is to
serve not only as the third {escape)} stage for the C-5, but also as the
second stage for the C~1B needed in support of rendczvous tests, a
flyable S-IVDB will be needed at least one year earlier than if there was
no C-18B at all. The impact of this question on facility planning, build -
up of contractor level of effort, etc. should be obvious.

Furthermore, if we do not freeze the mode now, we cannot lay out
a definite program with a schedule on which the budgets for FY-1964 and
following can be based. Finally, if we do not make a clear-cut decision
on the mode very soon, our chances of accomplishing the first lunar ex-
pedition in this decade will fade away rapidly. .
WHY DO WE RECOMMEND LUNAK ORBIT RENDEZVOUS MODE PLUS
C-5 ONE-WAY LOGISTICS VEHICLE?

-

a. We believe this program oifers the highest confidence factor
of successful accomplishment within this decade.

b. It offers an adequate performance margin, With storable
propellants, both for the Service Module and Lunar Excursion Module,
we should have a comfortable padding with respect to propulsion per-
formance and weights. The performance margin could be further in-
creased by initiation of a back-up development aimed at a High Energy
Propulsion System for the Service Module and possibly the Lunar
Excursion Module. Additional performance gains could be obtained
if current proposals by Rocketdyne to increase the thrust and/or
specific impulses of the F-1 and J-2 engines were implemented.

¢. We agree with the Manned Spacecraft Center that the
designs of a maneuverable hyperbolic re-entry vehicle and of a lunar
landing vehicle constitute the two most critical tasks in producing a
successful lunar spacec raft. A drastic separation of these two functions
into two separate elements is bound to greatly simplify the development
of the spacecraft system. Developmental cross-feed between results
from simulated or actual landing tests, on the one hand, and re-entry
tests, on the other, are minimized if no attempt is made to include the
Command Module into the lunar landing process. The mechanical sepa~-
ration of the two functions would virtually permit completely parallel
developments of the Command Module and the Lunar Excursion Moduie.
While it may be difficult to accurately appraise this advantage in terms
of months to be gained, we have no doubt whatsocever that such a procedure
will indeed result in very substantial saving of time. - B
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d. We believe that the combination of the Lunar Orbit Rendezvous

Mode and a C-5 one-way Logistics Vehicle offers a great growth potential,
After the first successful landing on the moon, demands for follow-on
programs will essentially center on increzsed lunar surface mobility and +
increased material supplies for shelter, food, oxygen, scientific instru-
mentation, etc. IL appears that the Lunar Excursion Module, when refilled
with proépellants brought down by the Logistics Vehicle, constitutes an ideal
means for lunar surface transportation. First estimates indicate that in

_the 1/6 G gravitational field of the moon, the Lunar Excursion Module,
when used as a lunar taxi, would have a radius of action of at least 40 miles
from around the landing point of the Logistics Vehicle, It may well be that
on the rocky and treacherous lunar terrain the Lunar Excursion Module will
turn out to be a far more attractive type of a taxi than a wheeled or cater-
pillar vehicle.

e. We believe the Lunar Orbit Rendezvous Mode using a single

C-5 offers a very good chance of ultimately growing into a C-5 direct

capability. At this time we recommend against relying on the C-5 DiTect
“Fode because of its need for a2 much lighter command module as well as

a high energy landing and return propulsion system. While it may be .

unwise to count on the availability of such advanced equipment during this

decade {this is why this mode was given a number 3 rating) it appears

entirely within reach in the long haul.

f. X and when at some later time a reliable nuclear third stage
for Saturn C-5 emerges from the RIFT program, the performance margin
for the C-5 Direct Mode will become quite comifortable,

g. Conversely, if the Advanced Saturn C-5 were dropped in
faveor of a Nova or C-8, it would completely upset all present plans for
the implementation of the RIFT program. Contracts, both for the engines
and the RIFT stage, have already been let and would probably have to be
cancé_ﬁ_ed until a new program could be developed.

h. We conclude from our studies that an automatic pinpoint
letdown on the lunar surface going through a circumlunar orbit and using
a landing beacon is entirely possible. Whether this method should be
limited to the C-5 Logistics Vehicle or be adopted as a secondary mode
for the Lunar Excursion Module is a matter that should be carefully dis-
cussed with the Manned Spacecraft Center. It may well be that the demand
for incorporation of an additional automatic landing capability in the Lunar
Excursion Module buys more trouble than gains.
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i, The Lunar Orbit Rendezvous Mode augmented by a C-5
Logistics Vehicle undoubtedly offers the clcancst managerial interfaces
between the Manned Spacecraft Center, Marshall Space Flight Center,
Launch Opcrations Center and all our contractors. While the precise
effect of this may be hard to appraise, it is a commeonly accepted fact
that the number and the nature of technical and managerial interfaces
are very major factors in conduacting a complex program on a tight
time schedule. There are already a frightening number of intcerfaces
in existence in our Manned Lunar Landing Program. There are inter-
faces between the stages of the launch vehicles, between iaunch vehicles
and spacecraft, between complete space vehicles and their ground equip-
ment, between manned and automatic checkout, and in the managerial

‘area between the Centers, the Washington Program Office, and the
contractors. The plain result of too many interfaces is a continuous
and disastrous erosion of the authority vested in the line organization
and the need for more coordination meetings, integration groups, work-
ing panels, ad-hoc committees, etc. LEvery effort should therefore be
made to reduce the number of technical and managerial interfaces to a
“bare minimum.

j. Compared with the C-5 Direct Mode or the Nova /C-8 Mode,
the Lunar Orbit Rendezvous Mode offers the advantage that no existing
contracts for stages (if we go to Nova) or spacecraft systems {if we go
to C-5 Direct) have to be terminated; that the contractor structure in
existence can be retained; that the contract negotiations presently going
on can be finished under the existing set of ground rules; that the con-
tractor build-up program (already in full swing) can be continued as
" planned; that facilities already authorized and under construction can
be built as planned, etc, '

k. We at the Marshall Space Flight Center readily admit that

when first exposed to the proposal of the Lunar Orbit Rendezvous Mode

we were a bit skeptical - particularly of the aspect of having the astronauts
execute a complicated rendezvous maneuver at a distance of 240,000 miles
from the earth where any rescue possibility appeared remote. In the
meantime, however, we have spent a great deal of time and effort studying
the four modes, and we have come to the conclusion that this particular
disadvantage is far outweighed by the advantages listed above.

We understand that the Manned Spacecraft Center was also
quite skeptical at first when John Houbolt of Langley advanced the proposal
of the Lunar Orbit Rendezvous Meode, and that it took them quite a while to
substzntiate the feasibilify of the method and finally endorse it. -

Againsl this background it can, therefore, be concluded that
the issue of "invented here" versus ''not invented here" does not apply to

J———
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IL.

either the Manned Spacecraft Centcr or the Marshall Space Flight Center;
that both Centers have actually emmbraced a scheme suggested by M
source. Undoubtedly, personnel of MSC and MSFC have by now conducted
more detailed studies on all aspects of the four modes than any other group.
Moreover, it is these two Centers to which the Office of Manned Space Flight
would ultimately have to look to "deliver the goods'. I consider it fortunate
indeed for the Manned Lunar Landing Program that both Centers, after much
soul searching, have come to identical conclusions. This should give the
Office of Manned Space Flight some additional assurance that our recom-
mendations should not be too far from the truth,

WHY DO WE NOT RECOMMEND THE EARTH ORBIT RENDEZVOUS MODE?

Let me point out again that we at the Marshall Space Flight Center con-
sider the Earth Orbit Rendezvous Mode entirely feasible. Specifiically, we
found the Tanking Mode substantially superior to the Connecting Mode. Com-~
pared to the Lunar Orbit Rendezvous Mode, it even seems to offer a somewhat
greater periormance margin. This is true even if only the nominal two C-5's
(tanker and manned lunar vehicle) are involved, but the periormance margin
could be further enlarged almost indefinitely by the use of additional tankers.

We have spent more time and here at Marshall on studies of the
Earth Orbit Rendezvous Mode {Tanking and Connecting Modes) than on any
other mode. This is attested to by six big volumes describing all aspects
of this mode. Nor do we think that in the light of our final recommendation -
to adopt the Lunar Orbit Rendezvous Mode instead - this effort was in vain.
Earth Orbit Rendezvous as a general operational procedure will undoubtedly
play a major role in our over-all national space flight program, and the use
of it is even mandatory in developing a Lunar QOrbit Rendezvous capability.

The reasons why, in spite of these advantages, we moved it down to
position number 2 on our totem pole are as follows:

a. We consider the Earth Orbit Rendezvous Mode more complex
and costlier than Lunar Orbit Rendezvous. Moreover, lunar mission success
with Earth Orbit Rendezvous requires two consecutive successful launches.
If, for example, after a successful tanker launch, the manned lunar vehicle
aborts during its ascent, or fails to get off the pad within a certain permis-
sible period of time, the first (tanker) flight must also be written off as

-useless for the mission.

b. The interface problems arising between the Manned Spacccraft
Center and the Marshall Space Flight Center, both in the technical and
management areas, would be more difficult if the Earth Orbit Rendezvous
Mode was adopted. For example, if the tanker as an unmonned vehicle
was handled by MSFC, and the flight of the manned lunar vehicle was
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conducted by the Manned Spacecraft Center, 2 managerial interface
arises between target and chaser. On the other hand, if any onc of
the two Centers would take over the entire mission, it would probably
bite off more than it could chew, with the result of even more difficult
and unpleasant interface problems,

¢. According to repeated statements Bob Gilruth, the Apollec

Command Module in its presently envisioned form is simply unsuited for
lunar landing because of the poor visibility conditions and the undesirable
supine position of the astronauts during landing, '

III. WHY DO WE NOT RECOMMEND THE C-5 DIRECT MODE ?

it is our conviction that the C-5% Direct Mode will ultimately become
feasible - once we know more about hyperbolic re-entry, and ence we
have adequate high energy propulsion systems available that can be used
conveniently and reliably on the surface of the moon. With the advent of
a nuclear third stage for C-5, the margin for this capability will be sub- -
stantially widened, of course.

a. QOur main reason against recommending the C-5 Direct Mode
is its marginal weight allowance for the spacecraft and the demand for
high energy return propulsion, combined with the time factor, all of
which would impose a very substantial additional burden on the Manned
Spacecraft Center.

b, The Manned Spacecraft Center has spent & great deal of time
and effort in determining realistic spacecraft weights. In the opinion of
Bob Gilruth and Chuck Mathews, it would simply not be realistic to expect

that a lunar spacecraft light E_:;ough_to be used with the C-5 Direct Mode
could be developed during this decade with an adequate degree of confidence.

c. The demand for a high energy return propulsion system, which
is implicit in the C-5 Direct Mode, is considered undesirable by the Manned
Spacecraft Center - at the present state-of-the-art at least - because this
propulsion systerm must also double up as an extra-atmospheric abort
propulsion system. For this purpose, MSC considers a propulsion system
as sirnple and reliable as possible (storable and hypergolic propellants) as
absolutely mandatory. We think the question of inherent reliability of
storable versus high energy propulsion systems - and their usability in
the lunar surface environment - can be argued, but as long as the require~
ment for "storables" stands, the G-5 Direct Mode is not feasible performance-
wise, 3

v L]
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IV,

d. NASA has already been saddled with one program {Centaur)
where the margin between performance claims for launch vehicle and
demands for payload weights were drawn too closely. We do not consider
it prudent to repeat this mistake.

WHY DO WE RECOMMEND AGAINST THE NOVA OR C-8 MODE?

It should be clearly understood that our recommendation against the

. Nova or C-8 Mode at this time refers solely to its use as a launch vehicle

for the implementation of the President's commitment to put a man on the

moon in this decade. wﬂﬂﬁwtronglv that the Advanced

Saturn C-5 is not the end of the line as far as major launch vehicles are
concerncd! Undoubtedly, as we shall be going about setting up-a base on

—

the moon and beginning with the manned exploration of the planets, there
will be a great need for launch vehicles more powerful than the C-5. But
for these purposes such a new vehicle could be conceived and developed

on a more relaxed time schedule. It would be a true follow-on launch
vehicle. All of our studies aimed at NASA's needs for a true manned
interplanetary capability indicate that a launch vehicle substantially

more powerful than one powered by eight F-1 engines would be required.
Our recommendation, therefore, should be formulated as follows: "Let us
take Nova or C-8 out of the race of putting an American on the moon in this
decade, but let us develop a sound concept for a follow~-on 'Superneva’ launch
vehicle". -

Here are our reasons for recommending to take Nova or C-8 out of the
present Manned Lunar Landing Program: '

a. As previously stated, the Apollo system in its present form 1s
not landable on the moon. The spacecraft system would require substantial
changes from the presently conceived configuration. The same argument is,
of course, applicable to the Earth Orbit Rendezvous Meode,

b. With the S-II stage of the Advanced Saturn C-5 serving as a
second stage of a C-8 (boosted by eight F-1 engines)} we would have an un-
desirable, poorly staged, hybrid launch vehicle, with a payload capability
far below the maximum obtainable with the same first stage. Performance-
wise, with its escape capability of only 132, 000 lbs. {in lieu of the 150, 000
1bs. demanded) it would still be too marginal, without a high energy return
propulsion system, to land the present Apollo Command Module on the surface
of the moon.

“c. Implementation of the Nova or C-8 program in addition to
the Advanced Saturn C-5 would lead to two grossly underfunded and under-
managed programs with resulting abject failure of both. Implementation

]
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of the Nova or C-8 program in licu of the Advanced Saturn C-5 would have
an zbsolutely disastrous impact on all our facility plans.

The rafter height of the Michoud plant is 40 feet, The diameter
of the S~IC is 33 feet. As a result, most of the assembly operations for the
5-IC boostcr of the C-5 can take place in a horizontal position. Only a rela-
tively narrow high bay tower must be added to the main building for a few
operations which must be carried out in a vertical position. A Nova or C-8
booster, however, has a diametcer of approximately 50 feet. This means
that the roof of a very substantial portion of the Michoud plant would have
to be raised by 15 to 20 feet. Another alternative would be to build a very
large high bay area where every operation involving.cumbersome parts
" would be done in a vertical position., In either case the very serious guestion
arises whether under these circumstances the Michoud plant was a good
selection to begin with,

The foundation situation at Michoud is so poor that extensive
pile driving is necessary. This did not bother us when we acquired the
plant because the many thousands of piles on which it rests were driven

twenty years ago by somebody else. But if we had to enter into a major
pile driving operation now, the question would immediately arise as to
whether we could not find other building sites where foundations could be
prepared cheaper and faster.

Any tampering with the NASA commitment to utilize the Michoud
plant, however, would also affect Chrysler's 5-1 program, for which tooling
and plant preparation are already in full swing at Michoud. Raising the roof
. and driving thousands of piles in Michoud may turn out to be impossible while
Chrysler is assembling 5-I's in the same hangar. '

In summary, the impact of a switch from C-5 to Nova/C-8 on
the very concept of Michoud, would call for a careful and detailed study
whose oufcome with respect to continued desirability of the use of the
Michoud plant appears quite doubtful., We consider it most likely that
discontinuance of the C-5 plan in favor of Nova or C-8 would reopen the
entire Michoud decision and would.throw the entire program into turmoil
with ensuing unpredictable delays. The construction of a new plant would
take at least 2-~1/2 years to beneficial occupancy and over 3 years to start
of production.

" d. At the Marshall Space Flight Center, construction of a static
test stand for S~IC booster is well under way. In its present form this test
stand cannot be used for the first stage of Nova or C-8. Studies indicate
that as far as the noise level is concernecd, there will probably be no ob-

it
=
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jection to firing up cigat I -1 engines at MSFC, Howcver, the Marshall
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test stand construction program would be greatly delayed, regardless of

what approach we would take to accommodate Nova/C-8 stages. Detailed
studies seem to indicate that the fastest course of action, if Nova or C-8

were adopted, would be to build

- a brand new eight -1 booster test stand south
of the present S-IC test stand, and

- convert the present S-IC test stand into an N-II
test stand. (This latter conclusion is arrived at
- because the firing of an N-II stage at Santa Susanna
is not possible for safety reasons, the 5-1I propel-
lant load being considered the absolute maximum
permissible. )

The Mississippi Test Facility is still a "cow pasture that
NASA doesn't even own yet', and cannot compete with any test stand avail-
ability datcs in Huntsville. Developments of basic utilities (roads, water,
power, sewage, canals, rail spur, etc. ) at MTF will require well over a
year, and all scheduling studies indicate that whatever we build at MTF is
about 18 months behind comparable facilities byilt in Huntsville, MTF
should, therefore, be considered an acceptance firing and product improve-
ment site for Michoud products rather thad a basic development site.

e. 'In view of the fact that the S-II stage is not powerful enough
for the Apolio direct flight mission profile, a'second stage powered by
eight or nine J-2's or two M-1's is needed. Such a stage would again be
on the order of 40 to 50 feet in diameter. No studies have been made as
to whether it could be built in the Downey/Seal Beach complex. It is certain,
however, that its static testing in Santa Susanna is impossible. As a result,
we would have to take an entirely new look at the NAA contract.

f. .1 have already mentioned the disruptive effect a cancellation of
the C-5 would have on the RIFT program.

g. One of the strongest arguments against replacement of the
Advanced Saturn G-5 by Nova or C-8 is that such a decision would topple
_our entire contractor structure. It should be remembered that the temn-

porary uncertainty about the Telatively minor question of whether NAA
should assemble at Seal Beach or Eglin cost us a delay of almost half a
year, I think it should not take much imagination to realize what would
happen if we were to tell Boeing, NAA and Douglas that the C-5 was out;
that we are going to build a booster with eight F-1 engines, a second -
stage with cight or nine J-2's or maybe two M-1 engines; and that the
entire problem of manufacturing and testing facilities must be re-evaluated.
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We already have several thousands ¢f inen actually at work on these three
stages and many of them have becn dislocated from their home plants in
implementation of our present C-5 program. Rather than leaving these
thousands of men suspended (although supported by NASA dollars) in a
state of uncertainty over an extended period of new systems analysis,
program implementation studies, budget reshuffles, site selectvion pro-
cedures, ctc., it may indeed turn out to be wiser to just terminate the
existing contracts and advise the contractors that we will cail them back
once we have a new program plan laid out for them. We have no doubt
that the termination costs incurring to NASA by doing this would easily
amount to several hundred miilion dollars.

I have asked a selected group of key Marshall exccutives
for their appraisal, in terms of delay of the first orbital launch, if the
C~5 was to be discontinued and replaced by a Nova or C-8. The estimates
of these men (whose duties it would be to implement the new program)
varied between 14 and 24 months with an average estimate of an over-all
delay of 19 months,.

h. In appraising the total loss to NASA, it should also not be
overlocked that we are supporting engine development teams at various
contractor plants at the rate of many tens of millions of dollars per year
for every stage of C-1 and C-5. If the exact definition of the stages were
delayed by switching to Nova/C-8, these engine development teams would
have to be held on the NASA payroll for just that much longer, in order to
assure proper engine/stage integration,

i. More than twelve months of past extensive effort at the Marshall
Space Flight Center to analyze and define the Advanced Saturn C-5 system in
a great deal of engineering detail would have to be written off as a flat loss,
if we abandoned the C~5 now., This item alone, aside from the time irre-
trievably lost, represents an expenditure of over one hundred million dollars,

j. The unaveidable uncertainty in many areas created by a switch
to Nova or C~8 {Can we retain present C-5 contractors? Where are the new
fabrication sites? Where are we going to static test? ‘etc.) may easily lead
" to delays even well in excess of the estimates given above. For in view of
the political pressures invariably exerted on NASA in connection with facility
siting decisions, it is quite likely that even the NASA Administrator hirmself
will find himself frequently unable to make binding decisions without demanding
from OMSE an extensive re-appraisal of a multitude of issues related with
siting. There was ample evidence of this during the past year,.

. ]

k. For all the reasons quoted above, the Marshall Space Flight Center
considers a disconlinuation of the Advanced Sisurn C-3 in favor of Nova or C-8
as the worst of the four proposed modes for implementation of the manned lunax
landing project. We at Marshall would consider a decisjon in favor of this mode
to be tantamourt with aiving up the race o put 2 man on the moon 1 thiz decade

cvarn Hotore we thatied,
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IN SUMMARY I THEREFORE RECOMMIEND THAT:

The Lunar Orbit Rendezvous Mode be adoptéd.

A development of an unmanned, fully automatic,
one-way C-5 Logistics Vehicle be undertaken in
support of the lunar expedition. ’

The C-1 program as established today be retained
and that, in accordance with progress rmade in S-IvB
development, the C-1 be gradually replaced by the
C-1B. '

A C-1B program be officially established and approved
with adequate funding.

L]

The development of high energy propulsion systems
be initiated as a back-up for the Service Module and
possibly the Lunar Excursion Module.

Supplements to present development contracts to
Rocketdyne on the F-1 and J-2 engines be let to
increase thrust and/or specific impulse.

.
gﬁ’wﬁafm N 7

Wernher von Braun, Directfor
George C. Marshall Space Flight Center

- " *
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